discordance. For Thomson gazelles (Gazella thomsonii) a six-fold disparity exists between sexes, with wild dogs (Lycaon pictus) killing males (Fitzgibbon and Lazurus, 1995) and cheetahs (Acinoyx jubatus) killing females (Caro and Fitzgibbon, 1992).
The same species of carnivore also may promote interpopulational variation; lions (Panthera leo) killed about six times as many wildebeest (Connochaetes taurinus) males as females in the Serengeti compared with the Kalahari Desert (Mills, 1990; Schaller, 1972) . Perhaps the most profound gender-specific skew due to predation is in African buffalo where 7.3 males were preyed on for every female or in reedbuck (Redunca redunca) where only females were killed (Schaller, 1972) .
Why sexes differ in abundance at sites not affected by humans is a continuing source of evolutionary, ecological, and economic interest. Darwin (1871:232) commented that "the practice of polygamy leads to the same results as would follow from an actual inequality in the number of the sexes; for if each male secures two or more females, many males cannot pair." Darwin, of course, was aware of relationships among reproductive competition, sexual dimorphism, and weaponry but indicated that predation may have an overriding effect on ASR; "when the males are provided with weapons which in females are absent, there can be no doubt that they serve for fighting with other males. [...] they (the males) must also be often exposed to various dangers, while wandering about in eager search for females." Since then, much attention has focused on evolutionary causes of sex ratio variation, particularly the primary rather than secondary sex ratio (Charnov, 1982; Fisher, 1930; Hamilton, 1967; Trivers and Willard, 1973) . For practical reasons, such as the study of aging and differential mortality in humans (Millar, 1983; Smith, 1989 ) and the economics of trophy hunting and the harvest of whales (Ginsberg and Milner-Gulland, 1994; Oshumi, 1979), considerable effort also has targeted causes and consequences of sex ratio variation at non-biological, demographic, and evolutionary levels (Clutton-Brock and Iason, 1986; Festa-Bianchet, 1996; Williams, 1979).
Gender-specific survival is influenced by both proximate and ultimate factors. Among mammals variation in adult sex ratio (ASR) has been attributed to at least five major, but not necessarily exclusive, causes. From birth until adulthood, these are: 1) sex-specific resource allocation by mothers with attendant disparities in the primary sex ratio (Byers and Hogg, 1995; Byers and Moodie, 1990; Clutton-Brock, 1991); 2) enhanced growth rates in young males which, in conjunction with other factors, predispose males to greater mortality than females (Widdowson, 1976 (Festa-Bianchet, 1989 ). Nevertheless, to discern which, if any, of the above factors has a greater effect on asymmetries in ASR requires that proximate and ultimate factors be disentangled as major mortality agents.
In an ideal sense, such a distinction may appear straightforward, but it is not. If, for example, a male dies of starvation or a healthy female falls prey to a carnivore, proximate factors may be discerned because causes of mortality can be identified. However, the proximate agent of death may be more associated with one sex than the other simply as an inevitable consequence of evolutionary inertia. Consider sexual segregation in which males and females of many sexually dimorphic species occupy different habitats (Bowyer et al., 1996, 1997 (Stearns, 1992) , assessment of how they contribute to variation in ASR is not often amenable to experimental manipulation and, therefore, must rely on inference (Byers and Bekoff, 1990).
Nevertheless, it is possible to explore the extent to which sex ratios are skewed, especially by predation because: 1) abundant literature describes species and population sex ratios in the presence and absence of predators; 2) sex-specific data on kill rate also are available; and 3) new techniques for comparative analyses enable statistical control of phylogenetically associated traits.
Here, we examined general patterns of sex differential mortality in adult ungulates. Specifically, we asked to what extent does predation contribute to differences in adult sex ratios? We addressed that question using two approaches: 1) intra-and interpopulational contrasts at sites with and without predation and 2) interspecific comparisons so that possible effects of mating systems and other evolved traits on sex differential mortality were accounted for. We began with the initial assumption that sexual dimorphism may be used as an indicator of intrasexual competition and predict that ASR becomes increasingly skewed among dimorphic species and that pattern is exacerbated by predation.
METHODS
We use the term adult sex ratio (ASR) to distinguish it from the more commonly used phrase, operational sex ratio (OSR-Emlen and Oring, 1977). The OSR is frequently used in evolutionary and behavioral ecology literature when the ratio of fertilizable females to sexually active males is known. Our intent is to move beyond the traditional population approach in which a great deal is known about reproductive status of individuals so that sex ratio patterns may be contrasted among populations or species for which data on breeding status are less complete. The ASR is measured as the number of adult males to the number of adult females in the population. The ASR and OSR are often correlated (Berger and Cunningham, 1994).
Our sample was based on review of studies in which data on ASR in populations not influenced in major ways by humans were presented. Thus, we attempted to exclude all studies where hunting was known to affect sex ratios. For species in which sexes were nearly identical in body size or difficult to identify by gender but hunted, we assumed that the 'kill' sample was collected randomly, and we then used those data to estimate ASR (e.g., peccaries). Several inherent difficulties exist in ASR data including a lack of known-aged adults, imprecise literature estimates, probable inclusion in an undetermined number of cases of non-breeding males and fe-males, and, where sexual segregation occurs, a possible underestimation of the true number of males. When possible, we attempted to balance those problems by using estimates derived during the mating season when a higher proportion of males was present.
Other variables used in analyses were body mass (kg) and the ratio of female:male body mass. The latter measurement approximated sexual dimorphism (Clutton-Brock et al., 1985) , although linear measurements may offer better assessments of size because they are less affected by seasonal conditions (Ralls, 1976). We also evaluated if potential predators were present or absent for each population and assumed that where major predators had been eliminated, effects of smaller ones were negligible. For instance, if elk (Cervus elaphus) were sympatric with wolves (Canis lupus) and foxes (Vulpes) at some sites but only with foxes at others, the latter would be considered predation-free but not the former.
Data on asymmetry between sexes in kills of predators also were contrasted with sex ratios in the "live" population to investigate if predation resulted in disproportionate removal of one sex. When frequency of kills was known but not the live ASR, an estimate of the latter was derived based on the mean from other sites (e.g., waterbuck, Kobus ellipsiprymnus, or wildebeest). When data on gender-specific mortality that involved multiple carnivores killing the same species of prey at the same study area (e.g., lions, hyenas, Crocuta crocuta, and wild dogs preying on Thomson's gazelles in the Serengeti) were available, the mean was taken to generate the male:female kill ratio for that site. In circumstances (e.g., reedbuck; caribou, Rangifer tarandus) when kills were of one sex only, we added a single kill to the sex in which none had been recorded. That enabled calculation of a kill ratio with a denominator of one. For instance, if 15 males and zero females were preyed upon, the kill ratio would be 15:1. We then explored if relationships existed between "live" and "kill" ASR.
We compiled data on ASR for 275 populations representing 76 species (Appendix I). These included as few as a single datum per species or as many as 26 populations as with caribou. Because sex ratios vary greatly among populations of the same species and intraspecific trends cannot be assumed to parallel cross-species patterns (Gompper and Gittleman, 1991), we attempted to incorporate data from multiple populations for each species. In cases where data existed for different years or different studies of the same population, mean values were calculated. Data on male and female body mass were generally not available for each study or each population. Therefore, a single estimate of mass for each species was obtained from the literature (Appendix I); use of a single estimate for mass reduced the detectable variation inherent in our sample simply because any resultant variation in a population's ASR cannot be evaluated at a local or geographically specific site.
Statistical methods that treat species or population values as statistically independent are not valid because closely related species share many characters due to common ancestry rather than independent evolution (Harvey and Pagel, 1991). To circumvent this problem, the independent-contrasts method (Felsenstein, 1985) was used. That method assumed a specific model of trait evolution by calculating expected contrast values between pairs of taxa at each bifurcation in a phylogeny. The independent-contrasts method was especially appropriate for analyzing data for which number of species was >50 and for which phylogenetic tree information, rather than solely taxonomic rank information, existed (Gittleman and Luh, 1994). The tree used to calculate contrasts resulted from our combining results of several recent studies of ungulate phylogenetics (Fig. 1) . Those studies were partial; no single published phylogeny or combination of phylogenies included all species of interest. Therefore, we inferred additional phylogenetic information from taxonomic classifications. To calculate standardized independent contrasts, we used the computer program CAIC (Purvis and Rambaut, 1995), setting all branch lengths equal and using the "crunch" option. Relationships of body mass, sexual dimorphism, and sex ratio were examined by linear regression of the logtransformed calculated contrast for each variable. It was possible that any putative relationship between body mass and sexual dimorphism resulted because data were highly correlated, which may have occurred when a component of the same variables appeared on both axes. To evaluate that possibility, we also analyzed data using a principal component analysis (PCA) that was reduced to two variables, or a major-axis regression, which enabled an estimate of the 
RESULTS
Phylogeny and sex ratios without predation. -Numerous factors may affect ASR, including phylogeny, predation, and possibly some interaction that might involve sexual dimorphism. To evaluate potential relationships, we first explored a subset of all data using only ASR from "live" individuals (i.e., excluding data based on kills made by predators). No relationship between sexual dimorphism and adult sex ratio was detected; standardized contrasts of dimorphism explained virtually none of the variance in the standardized contrasts of adult sex ratio (n = 76 species, 275 populations, 102 contrasts; P = 0.120; Fig. 2a) . A great deal of variation existed in contrasts of adult sex ratio where contrasts of sexual dimorphism equaled zero. This is because we used only a single estimate of body mass for all populations of a single species, and thus at interpopulational nodes in the phylogeny, variation in sex ratio could have been extensive but variation in body mass and dimorphism was zero. It was unlikely, however, that lack of variation in our estimates of body mass explained the lack of significance in the relationship between dimorphism and sex ratio, because as variation in mass, and thus variation in dimorphism, were likely small relative to observed variation in sex ratio. Nonetheless, excluding data points where contrasts in dimorphism equaled zero, the relationship was significant although little of the variation in sex ratio was explained (n = 46 contrasts, r2 = 0.09; P = 0.037; Fig. 2b) . Because of how contrasts were calculated, our analysis was not the same as eliminating population-level variation from the analysis, but it suggested a weak association that was overwhelmed by population-level variation.
Two additional subsets of data were analyzed to assess potential relationships between sexual dimorphism and ASR: "live" estimates excluding monomorphic species (sexual dimorphism = 1) and "live" estimates from populations in predation-free environments. For both subsets, the relationship between dimorphism and sex ratio was not significant (excluding monomorphic, P = 0.52; predation-free environment, P = 0.137). It is possible, however, that the relationship between dimorphism and sex ratio was specific to one clade or another of organisms. Therefore, we reanalyzed the "live" data for only Cervidae (using the phylogeny illustrated in Fig. ib) and for only Bovidae (using the phylogeny in Fig.  ic) . The relationship was not significant in either family (P = 0.414 and 0.282, respectively).
We also explored if variation in body mass within a sex was related to variation in sexual dimorphism (n = 48 species, 107 contrasts), but the relationship between standardized contrasts of female body mass and standardized contrasts of sexual dimorphism was not significant, explaining <1% of the variation (P = 0.381; Fig. 3a) . For males, however, body mass explained 7% of the variance in sexual dimorphism (P = 0.004; Fig. 3b ) and arose due to the contribution of bovids. Nonetheless, there was no significant relationship between standardized contrasts of sex ratio and standardized contrasts of either male or female body mass (P = 0.173 and 0.393, respectively). Among Cervidae, no relationship was detected between either standardized contrasts of male or female body mass and sexual .08 , 2) , hartebeest (Alcelaphus buselaphus, 2), impala (Aepyceros melampus, 2), kudu (Tragelaphus strepsiceros, 2) markhor (Capra falconeri, 2), springbok (Antidorcas marsupialis, 2), Thomson's gazelle (2), waterbuck (2), and wildebeest (4). Other ungulates were warthog (Phacochoerus aethiopicus, 2), and common zebra (Equus burchelli, 3). Those cases in which predation on adult females exceeded that of males were barasingha (C. duvauceli, 2), chital (2), and hog deer (A. porcinus, 2), moose (1), guanaco (Lama guanicoe, 1), impala (1), reedbuck (1), wildebeest (1), and common zebra (1). Those differences between sexes were significant regardless if populations were treated independently of species or pooled, and despite evidence indicating that females may be preyed upon more than males in some populations (Table 1 ). In essence, the evidence was strong (P < 0.01) that when predation existed, ASR was likely to be skewed in favor of live females because males were killed disproportional to their abundance.
To assess if the pattern of predation-induced male mortality may have arisen as a consequence of life-history phenomena, we examined relationships between the mean difference in ASR between 'live' individuals and those killed by predators with female mass, male mass, and sexual dimorphism. Female and male mass were not related to the difference in ASR between live and killed animals. Regardless if data were transformed, the greatest amount of variance explained in ASR was low (female mass, r2 = 0.01, P = 0.638; male mass, r2 = 0.09, P = 0.675; n = 24 species). In contrast, there was an inverse relationship between the log of sexual dimorphism and In fact, if the assumption is ill-founded, then the null hypothesis of no effect (of dimorphism on ASR) may be a more appropriate starting point with a postulated effect serving as the alternate hypothesis. The distinction, while somewhat subtle, is important because it underscores whether it is more appropriate to begin with putative standard dogma as the working hypothesis or the null, and what logically follows as an alternative hypothesis. Regardless, our empirical interspecific evidence does not offer strong support to either of our predictions.
Where predation was absent, the greatest amount of variation in ASR explained under the most liberal scenarios was only 9% (Fig. 2b) . When the most diverse and species-rich families, Bovidae and Cervidae, were examined independently, none of the predicted relationships approached statistical significance (P = 0.282 and P = 0.414, respectively). Body mass itself was a poor predictor of sexual dimorphism and ASR.
The only associations that we consistently detected were: 1) when predation was greater on one sex than the other, it fell disproportionately upon males (74% of 31 species, P < 0.01), and 2) when differential predation of sexes was equivocal (because some studies reported higher predation on females than on males), males had higher average mortality in 86% of the reports (Table 1). Additionally, neither female or male mass nor indices of dimorphism were related to differences in which males and females were killed relative to their proportion in the living population. Our inability to detect patterns other than the general finding that male ungulate are killed more than females by the total predator commu- (Stearns, 1992) . If juveniles experience differential mortality of sexes that increases with sexual dimorphism, the case can be made that, in the absence of predation, the primary mortality cost of dimorphism is not associated directly with reproductive competition among adults, although patterns of juvenile growth will be influenced by selection at different stages of the life cycle (Stearns, 1992) . That a relationship between differential juvenile mortality of sexes and size dimorphism across a small cohort of mammals was reported by Clutton-Brock et al. (1985) suggests that sexual selection (and hence, ultimate factors) may drive the difference in ASR. However, our failure to find a relationship between ASR and dimorphism within the Ungulata enables several other non-exclusive interpretations. It may be that 1) when a greater number of taxa are included, such as in our study, robustness of the generality of the pattern vanishes, 2) the previously reported association might arise as a consequence of common ancestry, but because of the small sample, it is not possible to discern, or 3) relationships between differential juvenile mortality and dimorphism are simply more detectable during pre-adulthood.
Second, environmental noise rather than life-history variables per se, may obscure identification of true correlates of variation in ASR other than predation. Sources might include different aging criteria, density-related effects on survival, errors in census methodology, and regional variation in diets of carnivores, food availability, or density and diversity of communities of carnivores. A more liberal or restrictive analysis might produce different results. For instance, inclusion or exclusion of different studies might have been more or less acceptable to others. Additionally, if data on sexual dimorphism had been analyzed categorically, it is possible that a relationship between dimorphism and ASR might have involved only the largest members of a clade (Weckerly, 1998).
Finally, variation in ASR is tremendous, ranging from more than six times as many live adult females than males to situations where females represent the primary kills. Variation also can be extreme among populations of individual species. Clearly, small samples of known "kill" sex ratios, which are typically available, may introduce considerable sources of error, but the amount of variation in ASR is often much more than that found among body masses. Hence, it is not surprising that, other than sex differential predation itself, the detection of life history correlates of ASR are not especially clear.
Proximate and ultimate factors.-Despite the general pattern of greater predation on males than females, exceptions are numerous. Among Plain's zebras, males or females may be preyed upon more than the other sex, with determining factors being species of predator and gender-specific behavioral differences (Berger, 1986) In these cases and others, distinction between proximate and ultimate factors that are responsible for observed variation in ASR is not obvious. Whereas predation, starvation, and disease can all be verified as an immediate mortality agent, the argument to favor life-history or sexually selected traits often relies on evolutionary insight. In pronghorn (Antilocapra americana), for example, the primary sex ratio is equal, but males are the less numerous sex as adults due to injury and starvation, even when the population is below ecological carrying capacity and in the absence of predation (Byers, 1997). While fewer adult males may arise as an inevitable consequence of greater age-specific mortality even when sexual dimorphism is not involved, the ultimate cause is likely to be sexual selection operating on traits and behaviors associated with enhancing reproductive capabilities. Thus, an elevated-hazard factor for early senescence may be created. A challenge for the future lies not so much in the separation of proximate from ultimate factors but in evaluating which, if any, life-history traits predispose sexes to differential mortality and the extent to which predation may shape these traits. 
